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© Magnetic leakage flux torque sensing device. 

© A torque sensing device working with leakage 
flux for a manual steering wheel control with elec- 
trical torque excitation, provided with a housing (10), 
an input shaft (6), an output shaft (18), a torque 
transmission member (4) between input and output 
shaft with two ferromagnetic elements (1 1 ,28) moun- 
ted around the assembly of input shaft and output 
shaft, corresponding parts of which elements lie op- 
posite each other in an engaging relation and in 
each case form discontinuities, and an associated 
lost-motion connection far coupling the output shaft 
directly to the input shaft after the latter has rotated 
through a certain angle, and a coil holder with at 
least one drive coil and a sensing coil (12) for 
measuring the change in leakage flux at the dis- 
continuity during a twisting of the torque transmis- 
sion member, through an angle smaller than the 
certain angle, by the application of a torque. The coil 
holder is fixed inside the housing as a concentric 
unit therewith, the housing being supported by 



means of bearings on the input (7) and output shaft 
(20), so that the coil holder can be positioned in an 
essentially non-contacting manner concentrically ar- 
ound the assembly of input and output shaft through 
which an improved rotation symmetry is obtained. 
The output shaft (18) and the torque transmission 
member (4) in a variant are integral. The coil holder 
in another variant is provided with a radially inward 
projecting edge which rests with sliding play under 
spring pressure against a raised edge of the output 
shaft. A method for fitting the torque sensing device, 
wherein the ferromagnetic elements of the torque 
transmission member are first aligned and fixed ar- 
ound the assembly of input and output shaft. Then 
the shaft assembly provided with said elements is 
placed inside the housing (10), which housing is 
already provided with the coil holder or in which 
housing the coil holder is then placed around the 
shaft assembly with the elements. 
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The invention relates to a torque sensing de- 
vice employing leakage flux for a manual steering 
wheel control with electrical torque excitation, pro- 
vided with a housing, an input shaft, an output 
shaft, a torque transmission member between input 
and output shaft with two ferromagnetic elements 
mounted around the assembly of input shaft and 
output shaft, corresponding parts of which ele- 
ments lie opposite each other in an engaging rela- 
tion and in each case form discontinuities, and an 
associated lost-motion connection for coupling the 
output shaft directly to the input shaft after the 
latter has rotated through a certain angle, and a coil 
holder with at least one drive coil and a sensing 
coil for measuring the change in leakage flux at the 
discontinuity during a twisting of the torque trans- 
mission member, through an angle smaller than the 
certain angle, by the application of a torque. Such 
a torque sensing device is known from US Patent 
Specification 4,876,899. 

Such a torque sensing device can advanta- 
geously be used with the conventional steering 
wheel systems for motor vehicles in order to detect 
the torque supplied to the steering wheel shaft. The 
device then provides a control signal corresponding 
to the torque in order to control an actuator for the 
purpose of applying a specific torque excitation to 
the steering wheel shaft. The torque sensing device 
known from the abovementioned American patent 
specification has a torque transmission member or 
torsion bar having ends which can relatively rotate 
to a slight degree on an initially supplied torque 
and which member has a lost-motion connection 
which after a predetermined angular rotation acts 
for the purpose of then transmitting directly any 
applied additional torque, while the torsion bar is 
also protected against damage. In this known 
torque sensing device a magnetic leakage flux de- 
sign is used with a drive and sensing circuit for 
applying a magnetic field to the ferromagnetic ele- 
ments via the drive coil and for detecting the 
change occurring in the magnetic leakage flux on 
twisting of the torsion bar at the discontinuity of 
these elements. The lost-motion connection is ad- 
ded to the torque transmission member and is 
generally provided with projecting parts or stops for 
engaging other corresponding parts or stops of 
said connection after a predetermined amount of 
rotation. A coil holder with at least one drive coil 
and a sensing coil is provided around the torque 
transmission member and the lost-motion connec- 
tion. In the case of the drive and sensing circuit 
described in the abovementioned US patent speci- 
fication a single primary coil is used to produce a 
drive field, while two differentially connected secon- 
dary coils are used to sense the change in mag- 
netic leakage flux. A problem with the abovemen- 
tioned torque sensing device is that the input and 



output shaft halves with the fitted ferromagnetic 
elements, projecting edges of which engage and 
grip the coil holder, have to be placed in said coil 
holder before the torsion shaft can be mounted. 
5 During this mounting, observation of the ferromag- 
netic elements is not possible, since the coil holder 
is situated around the ferromagnetic elements. In 
practice, this means that it is virtually impossible to 
align the ferromagnetic elements accurately. The 
70 torque sensing device has to be disassembled 
several times before a final alignment and fitting 
can be carried out. 

The object of the invention is to eliminate this 
problem and also to provide such a design of the 
75 coil holder with accompanying coils around the 
shaft assembly that the torque can be sensed with 
great sensitivity. 

This is achieved according to the invention in 
the case of a torque sensing device of the type 
20 mentioned in the preamble in that the coil holder is 
fixed inside the housing as a concentric unit there- 
with, the housing being supported by means of 
bearings on the input and output shaft, so that the 
coil holder can be positioned in an essentially non- 
25 contacting manner concentrically around the as- 
sembly of input and output shaft and an improved 
rotation symmetry is obtained. 

In this embodiment according to the invention 
the rotationally symmetrical housing forms a con- 
30 centric fixings location for the coils, as a result of 
which the latter are virtually perfectly axially 
aligned. As a result of the support of the housing 
by means of ball bearings, the coil holder is posi- 
tioned perfectly concentrically around the centre of 
35 the shaft. Said coil holder consequently does not 
need to have any pressing connection to the shaft 
assembly and the ferromagnetic elements. This is 
an essentially non-contacting arrangement of the 
coil holder around the shaft assembly. Wear as a 
40 result of friction cannot occur here. The absence of 
- or considerably less - friction has a beneficial 
effect on hysteresis. 

After fitting and accurate alignment of the two 
ferromagnetic elements or targets on the shaft as- 
45 sembly, the latter is placed in the housing. The coil 
holder can be already present therein, or the coil 
holder can also be fitted in the housing after plac- 
ing of the shaft assembly. This can save a large 
amount of time during the fitting, and greater accu- 
50 racy in the prior alignment and placing of the 
ferromagnetic elements on the shaft assembly can 
also be achieved. As a result of this sequence of 
fitting, the two targets can also be fitted in one 
piece and cut apart after fitting on the shaft. This is 
55 explained below. 

The invention will be explained in greater detail 
with reference to an example of an embodiment 
shown in the drawings, in which the same parts are 
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indicated by the same reference numbers, and in 
which: 

Fig. 1 shows a longitudinal section of the torque 
sensing device according to the invention; 
Fig. 2 shows a perspective view of the lost- 
motion connection; 

Figs. 3a and 3b show so-called developed views 
of two embodiments of the ferromagnetic ele- 
ments; 

Fig. 4 shows a longitudinal section of a variant 
of the device of Fig. 1; 

Fig. 5 shows a longitudinal section of another 

variant of the device of Fig. 1; and 

Fig. 6 shows a diagram of an example of the 

drive and sensing circuit belonging to the torque 

device from Figs. 1, 4 and 5. 
In the torque sensing device shown in Fig. 1 
the input shaft is indicated by 6, the output shaft by 
18, the housing by 10, the torque transmission 
member or torsion bar by 4, the coil holder with the 
drive and sensing coils by 12, and the two fer- 
romagnetic elements or targets by 11, 28. In addi- 
tion, a screw is indicated by 26, a protective cap 
by 8, a bearing by 7, a bush by 14, an adjusting 
screw by 17, two conducting bushes by 16.1 and 
16.2, a davel pin by 9, an adjusting screw by 13, a 
needle bearing by 15, a sealing ring by 19, a 
bearing by 20, a spacer ring by 25, a retaining ring 
and filler ring by 22 and 23 respectively, a protec- 
tive cap by 24, an electric cable by 3, a cable clip 
by 2, a screw by 1, a pin connection by 5, and an 
adjusting screw by 29 for securing, only during the 
fitting, the torque transmission member and lost- 
motion connection at the input and output shafts. 

The distance C shown in Fig. 1, over which the 
ends of the input shaft 6 and the output shaft 18 lie 
opposite each other, is for example 0.3 to 0.5 mm. 
Fig. 2 shows the way in which said shaft ends form 
the lost-motion connection or coupling when, on 
fitting, they are brought into each other with play. 
The shafts 6 and 18 enclose the torsion bar 4 and 
the bush 14, not shown here. The dimensions A 
and B differ a little, so that the mechanical stops 40 
engage with some play in the stops 41. This makes 
it possible for the input shaft to rotate from the 
centre position, for example to a maximum of ap- 
pro*. 3.5*. and in the process the torsion bar 
transmits the input torque up to a limit value before 
the output shaft is driven further via the mechanical 
stops and that part of the input torque which ex- 
ceeds the abovementioned limit value is transmit- 
ted directly by said mechanical stops. 

In the case of the embodiment according to the 
invention the coil holder 12 is fitted concentrically 
inside the rotationally symmetrical housing 10 and 
thus forms a unit with it before the shaft assembly 
with ferromagnetic elements starts to be fitted. The 
coil holder containing the coils is thereby virtually 



perfectly aligned axially. The ferromagnetic ele- 
ments 1 1 , 28 are first mounted on the shaft halves 
and accurately aligned. 

An embodiment of the two ferromagnetic ele- 

5 ments, which during the fitting can each be fixed 
individually around the shaft assembly and aligned 
relative to each other, is shown in Figure 3a. In 
another embodiment, as shown in Figure 3b. they 
can be fitted as one unit around the shaft assem- 

70 bly. After fixing, they are cut apart at the points (a) 
and (b). Alignment problems are avoided in this 
way. The complete shaft assembly is then placed 
in the housing in which the coil holder is already 
present. It is ensured in this way that no contact 

75 occurs between the coils and shaft assembly. This 
can then be described as a real non-contacting 
converter. 

The two conducting bushes 16.1 and 16.2 fitted 
around the shaft assembly serve to screen the 

20 magnetic field so that the flux lines are forced to 
run through the ferromagnetic elements and the 
concentration of said flux lines in these elements 
becomes greater. 

Due to the fact that the coil holder 12 is placed 

25 in the housing 10 and said housing is mounted on 
the shaft by means of the ball bearings 7, 20, the 
coil holder 12 is positioned in a virtually perfect 
concentric manner round the centre of the shaft. 
The result of this is that said coil holder will never 

30 bear in radial direction on the shaft and the mag- 
netic elements. 

Besides, in this design the housing acts as a 
closed electric winding round the coil holder. Since 
the housing is closed and rotationally symmetrical, 

35 no variation in the magnetic leakage flux can occur 
as a result of rotation of the shaft relative to the 
housing. This design is an advantage over the 
design with tinplated jacket in the abovementioned 
US patent specification, in which variation, through 

40 rotation of the shaft, does occur, and this design 
improves the dynamic behaviour of the embodi- 
ment according to the invention. The housing also 
acts as a shield against external magnetic and 
electric fields. 

45 Fig. 4 shows a longitudinal section of a variant 

of the torque sensing device shown in Fig. 1. In 
this variant the output shaft 18 and the torsion bar 
4 are now integral. As a result of this, the needle 
bearing 15 can be omitted. Advantages of this 

so variant are that fewer parts are needed, that the 
difficult connection between output shaft and tor- 
sion bar is absent, and that play is no longer 
possible between said two parts. 

In this variant, radial stresses on the input shaft 

55 are now absorbed by a needle bearing 45 which 
replaces the ball bearing 7 from Fig. 1. The radial 
stresses on the output shaft are absorbed by the 
ball bearing 20 and a pinion bearing (not shown) 
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which is in general fixed at the position indicated 
by 46, and which supports the pinion 48 fixed on 
the output shaft 18. A further advantage with this 
variant is that the combined axial length of the 
ferromagnetic elements 11, 28 is shortened from 
34 mm to 26 mm. This figure also indicates the 
way in which the printed circuit board 47 with the 
drive and sensing circuit is fixed on the end face of 
the coil holder 12. At the bottom in Fig. 4, there is 
an explanation of what is indicated in Fig. 2 con- 
cerning the way in which the ends of the input 
shaft 6 and the output shaft 1 8 form the lost-motion 
connection or torque when they are brought into 
each other with play. 

Figure 5 shows yet another variant of the de- 
vice according to the invention shown in Figure 1 . 
In Figure 5 the same parts are again indicated by 
the same reference numbers. There are a number 
of differences. The needle bearing 15 used in the 
device of Figure 1 is replaced here by a sliding 
bearing 48. In order to ensure a good seal, a 
sealing ring 52 is placed against the ball bearing 7. 
The printed circuit board 47 shown in the device of 
Figure 4 is placed in a different way in the device 
of Fig. 5, resting directly against the connector 2. 
Connector pins 51 from the connector 2 end on the 
printed circuit board and the wiring running from 
the printed circuit board to the coil holder 12 is 
indicated by 53. A major change is the design of 
the coil holder 12, which at the side of the output 
shaft 18 or at another location is provided with a 
radially inward projecting flange 12.1 which en- 
gages, with the interposition of a sliding ring 49, on 
an upright collar 18.1 of the output shaft 18. At the 
right end face of the coil holder 12 a sine spring 50 
is placed between said holder and the large bear- 
ing 20. 

A major advantage of this variant is explained 
below. The housing of the device is generally 
made of aluminium while other elements such as 
the shafts, the targets and the coil holder are made 
of steel. These elements have different coefficients 
of expansion. Since the coil holder is fixed to the 
housing, said coil holder will be able to slide in the 
lengthwise direction relative to the targets on the 
shaft assembly when there is a temperature 
change. A detection signal which is dependent on 
temperature is thereby obtained. In the case of the 
variant of Fig. 5 this is avoided. The coil holder is 
accommodated by one or more longitudinal ribs in 
a sliding manner in corresponding grooves in the 
housing. The coil holder 12 with its flange 12.1 is 
pressed against the upright edge 18.1 of the output 
shaft 18 by means of the sine washer 50. In the 
event of any temperature change, the coil holder 
will be able to expand in the axial direction to the 
same degree as the shaft assembly, and the coils 
will retain exactly the same position relative to the 



targets. The expansion coefficient of the material of 
the coil holder in similar to that of the steel shafts. 

The abovementioned embodiment also permits 
an extremely simple fitting of the various parts, 
s which is explained below. 

a. Assembly of input shaft and output shaft. 

The sliding bearing 48 is placed in the input 
io shaft. At the same time the torsion bar 4 is pressed 
through force fitting into the input shaft and output 
shaft. This takes place in such a way that both 
shafts are mounted fixedly so that the mechanical 
stops at their shaft ends engage centred with play 
75 in each other, following which the torsion bar is 
pressed in. This design means that in principle no 
pin connection is now necessary for fixing the 
torsion bar. Such a pin connection can possibly be 
applied for the purpose of a fail-safe connection. 

20 

b. Assembly of bushes and ferromagnetic ele- 
ments. 

The ferromagnetic element 28 is glued onto 
25 the bush 16.2, and the ferromagnetic element 11 is 
glued onto the bush 16.1, and possibly be re- 
inforced with the aid of a pin connection (fail-safe). 

c. Shaft assembly. 

30 

The combination ferromagnetic 

elements/bushes is positioned and glued onto the 
input shaft/output shaft assembly. The small ball 
bearing 7 is then fixed on the input shaft. 

35 

d. Assembly in the housing. 

The sealing ring 52 is placed in the housing 
10, and the shaft assembly is placed in the housing 

40 10. The sliding ring 49 is then placed on the output 
shaft 18, and the coil holder 12 is placed in the 
housing 10. The sine spring 50 is placed against 
the coil holder 12, and the large ball bearing 20 is 
placed in the housing, so that shaft assembly, coil 

45 holder and cupped spring washer are confined in 
the inside of the device. 

e. Connector assembly. 

so The connector 2 is integral with the connector 

pins 51 . The printed circuit board 47 covered with 
components is soldered to the connector pins 51. 
The printed circuit board is connected by means of 
the wiring 53 to the coils present in the coil holder 

55 12. 

f. Final assembly. 
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The connector 2 is fixed on the housing 10. 
The sensor device is then calibrated for offset and 
gain. 

Fig. 6 shows the electrical diagram of the drive 
and sensing circuit advantageously used in the 5 
device according to the invention. In it, a signal 
generator is indicated by 31, for generating the 
drive voltage, the coil assembly is indicated by 32, 
a synchronous detector by 35, an averager by 36, 
and a capacitor by 37. It is generally known from io 
the state of the art to connect an oscillator to a 
primary drive coil and to use two differentially 
connected pick-up or sensing coils. In the case of 
such a design the parasitic capacitance of the coils 
always present is a determining factor for the maxi- /5 
mum drive or excitation frequency of the primary 
coil. The optimisation of such coils in order to 
obtain a minimum parasitic capacitance is expen- 
sive, since the windings must not touch each other. 
A spacer must then be present between the wind- 20 
ing layers. Besides, the parasitic capacitance of the 
two secondary coils will never be identical, and 
such a difference results in a phase difference 
between the signals of the two secondary coils, 
resulting in distortion of the differential signal. The 25 
synchronous read-out detector connected to such a 
coil assembly is susceptible to the fault source 
described above. 

In order still to be able to manage with cheap 
coils, another drive method can be used. In this 30 
case, a primary coil 33 is controlled which is com- 
posed of two oppositely wound primary coil halves 
connected in series, so that the current passes 
through both coil halves. As a result of this design, 
little or no phase difference remains between the 35 
magnetic fields created in the two secondary coil 
halves, as the main fields are opposed. Only a 
small ripple remains. The single secondary coil 34 
therefore measures a field which is influenced little 
by parasitic capacitance in the coils being driven. 40 
The synchronisation signal required for the syn- 
chronous detector 35 is obtained by taking off the 
voltage over a capacitor 37 connected in series to 
the primary coil, and in which the control current 
runs. The voltage over this capacitor is phase- 45 
shifted 90° relative to the flux in the primary coii. 
In the case of an unloaded primary coil, no phase 
shift occurs between synchronisation signal and 
measurement signal. However, in practice a slight 
phase shift will occur as a result of the parasitic so 
capacitance and the ohmic resistance of the pri- 
mary coil. This phase shift has, however, a much 
lower effect than the phase difference between the 
signals of the two secondary coils in the case of 
conventional drive. 55 

The fact that there is in principle no phase 
difference between the generated flux of one pri- 
mary coil half and that of the other means that it is 



possible to work at a higher control frequency. This 
resuJts in a shorter response time of the entire 
sensing device. In the case of the state of the art a 
drive frequency of up to 6 kHz is applied, while in 
the design according to the invention a drive fre- 
. quency of up to a multiple thereof can be applied. 

In Fig. 6 on the right a graph is also shown of 
the output voltage in mV of the drive and sensing 
circuit as a function of the input torque in Kg.m. 
The breakpoints indicate where the lost-motion 
connection acts in one direction and in the other 
direction. 

The abovementioned torque sensing device 
can, as stated above, be used in particular for car 
steering systems. In small cars, for example, it is 
desirable to have assistance with parking. The total 
excitation system then comprises the abovemen- 
tioned torque sensing device, a processing unit and 
an electric motor. At low speeds the electric motor 
is then controlled by the signal from the torque 
sensing device, and said electric motor gives an 
additional excitation to the steering system. Instead 
of the electric motor as the actuator, a pump driven 
by the internal combustion engine or by an electric 
motor can be used. Except at low speeds, the 
system can also be used in a continuously operat- 
ing manner in order to obtain a vehicle speed- 
dependent regulation. Higher standards are then 
required with regard to safety. 

Claims 

1. Torque sensing device working with leakage 
flux for a manual steering wheel control with 
electrical torque excitation, provided with a 
housing, an input shaft, an output shaft, a 
torque transmission member between input 
and output shaft with two ferromagnetic ele- 
ments mounted around the assembly of input 
shaft and output shaft, corresponding parts of 
which elements lie opposite each other in an 
engaging relation and in each case form dis- 
continuities, and an associated lost-motion 
connection for coupling the output shaft di- 
rectly to the input shaft after the latter has 
rotated through a certain angle, and a coil 
holder with at least one drive coil and a sens- 
ing coil for measuring the change in leakage 
flux at the discontinuity during a twisting of the 
torque transmission member, through an angle 
smaller than the certain angle, by the applica- 
tion of a torque, characterised in that the coil 
holder is fixed inside the housing as a concen- 
tric unit therewith, the housing being supported 
by means of bearings on the input and output 
shaft, so that the coil holder can be positioned 
in an essentially non-contacting manner con- 
centrically around the assembly of input and 
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output shaft and an improved rotation sym- 
metry is obtained. 

2. Method for fitting the torque sensing device 
according to Claim 1, characterised in that the 5 
ferromagnetic elements of the torque transmis- 
sion member are first aligned and fixed around 

the assembly of input and output shaft, and in 
that the shaft assembly provided with said 
elements is then placed inside the housing w 
with coil holder. 

3. Method for fitting the torque sensing device 
according to Claim 1, characterised in that the 
ferromagnetic elements of the torque transmis- 15 
sion member, designed in one piece, with 
parts connected to each other at the discon- 
tinuities, are first fixed around the assembly of 
input shaft and output shaft, after which the 
ferromagnetic elements are cut apart at the 20 
discontinuities, and in that the complete shaft 
assembly is then placed inside the housing 

with coil holder. 

4. Torque sensing device according to Claim 1, 25 
characterised in that the output shaft and the 
torque transmission member are integral. 

5. Torque sensing device according to Claim 1 f 
characterised in that the coil holder is provided 30 
with a radially inward projecting edge which 
rests with sliding play under spring pressure 
against a raised edge of the output shaft. 

6. Method for fitting the torque sensing device 35 
according to Claim 5, characterised in that the 
ferromagnetic elements are first aligned and 
fixed around the assembly of input and output 
shaft, in that the shaft assembly provided with 

said elements is placed inside the housing, 40 
and in that the coil holder is then placed in the 
housing around the shaft assembly with the 
elements. 

7. Torque sensing device according to Claim 1, 45 
provided with a drive and sensing circuit, 
characterised in that in the coil holder at the 
primary side, the coil comprising two series- 
connected, oppositely wound coil halves is 
controlled, and in that at the secondary side a so 
single sensing coil is used. 
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